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INVESTIGATION OF THE EFFECT ON PLASMA STRUCTURE IN CASE
OF IMPACT OF AN ENERGY ENRICHED MICROPARTICLE

Hagen Dietzel
Max-Plank Institute for Nuclear Physics, Heidelberg, fermany

ABSTRACT. Certain aspects of plasma formation by impact of
high-energy cosmic particles on metal surfaces are investi-
gated as a guide to future flight experimentation, including a
a charge liberated as a function of particle charge, surface
conditions, charge-separating field and angle of incidence.

A Van de Graaf generator was used.

l. Introduction

Research on cosmic dust is important for several reasons. Someday we
shall have to organize the origin (that is the productive processes) and the
history of solar system material into as comprehensive a theoretical picture
of the solar system as possible. In addition a knowledge of space distribu-
tion and of the mechanical parameters of mass and velocity of these particles
can also be of significance for the technical execution of space flight within
the planetary system.

In order to approach clarification of the question of the origin and his-
tory of cosmic particles, knowledge of certain conditions are necessary. These
include:

a) Particle occurrence;

b) Distribution of magnitudes of interplanetary particles;

c) Distribution of velocity of the particles in respect to direction and

and amount;

d) Chemical composition of the particles.

The dependence of some of these magnitudes on distance from the sun and
distance to the ecliptic is of great interest for the theoretical picture of
the solar system in question. However, because of extreme expense, experi-
mental research must often be limited to the neighborhood of the earth. Then
‘the determination of the particle flow to the earth provides data about the
occurrence and properties of cosmic particles in the neighborhood of the earths
orbit. In order to get experimental data providing inferences about some of
the above mentioned magnitudes, several paths may be followed: measurements
of zodiacal light [1]; searches for micrometeorites in polar ice or in deep
sea sedimentation and investigation of their chemical composition [2]; radar
measurements [3], which are limited to particles with diameters D = 1mm as
their objects; finally experiments in collecting and recording [4].

Collecting experiments on rockets or satelites have the disadvantage that
additional salvage of the collecting surfaces is necessary. Consequently this

*Numbers in the margin indicate pagination in the foreign text.



method is practically found only in the vicinity of the earth, and here chiefly

in rocket flight. It has the advantage that once the particle is recognized /2
as cosmic, it can be subjected to chemical analysis in the laboratory. In
addition, investigations about the microcraters, possibly produced by impact,

can be undertaken and compared with results of simulation tests [5]. However,

f6] will indicate the difficulties in recognizing the cosmic origin of

particles.

The principle of the method of registration consists of the direct use
of the reciprocal action of the particle with a suitable sensor (measuring
transformer). It transforms characteristic magnitudes of this reciprocal
action, which depends on the particle parameters, into electrical signals
which can be transmitted to the receiving station on earth by telemetry. Pos-
sible sensors of this type are: reflecting r° tes wihich are sensitive because
of mechanical contact with a piezoelectric cr, stal element (microphones); thin
plastic foils, metallized on both sides and provided with electrical potential;
photomultipliers and combinations of them. Measuring results from flight ‘
experiments with some of these sens»rs are given in [4].

A further possibility for recording cosmic dust is given by an effect
which is investigated in the laboratory [7] and [8] and used in a flight exper-
iment in [9]: the formation of free charge carriers on the impact of energy
enriched microparticles upon metal sufaces. Here charges of both polarities
are liberated and form a plasma for periods of about 10-® seconds in front of
the place of impact. The charges in this plasma cloud originating in impact
can be divided with the help of an electrical field, because the number of
charge carriers is rapidly diminished by diffusion. The amount of charge is
then measurable by a charge sensitive preamplifier. It is shown that the num-
ber of liberated charge characters depends on the mass and velocity of the
projectile.

In the present work certain aspects of this plasma formation were investi-
gated more exhaustively with reference to further application of the effect
in flight experiments. It was to be determined whether, in addition to the
mechanical projectile properties m and v, there are other parameters which
influence the amount of liberated charge. Thus it was expedient to make a
quantitative investigation of the following conditions in addition to the
(m, v) dependency: /3
1. Dependence of the amount of charge liberated upon particle impact on ~
the charged state of the projectile;
2. Dependence on the condition of the surface of the target (pretreat-
ment, purity);
3. Dependence on the condition of the charge-separating field;
4. Dependence on the angle of incidence of the particle.

Since in many flight experiments screening from an exterior plasma is
necessary, it also appeared in order to determine
5. The influence of special foils potentialized in front of the detector
on the mechanical parameters m and v of the particle, and thus on the
charge emmission upon impact.



The experiments of this work were carried out on a 2MV Van de Graaf

particle accelerator. As projectiles which were supposed to stimulate cosmic
dust, use was made of Fe particles of which the mass and velocities weie
included with the following limits.

10:'15_ £ < m ¢ '5)(10"10 e

0,8 km/sec € v < 40 km/sec

Hen In almost all of the experiments the initial material used was tungsten,

- 'which according to [8] is also suitable for use in a flight experiment.

2. Experimental Procedures
i2.l. Acceleration of Microparticles
For the production of microparticles of high velocity we used a 2MV Van

‘de Graaff particle accelerator which is provided with a special particle
‘'source [10, 11]. Fe particles with diameters of about 0.05 to 5 u were used

‘as particle material. These particles were provided constantly by a reservoir,

‘charged positivelyl at a thin metal point and focused into the acceleration
‘tube where they passed through the electrostatic potential produced by a band
generator. In this way we obtain a particle beam of which the mass and velo-
city distributions depend upon the acceleration voltage, the mass distribution
of the available particles and their charge. After the acceleration process
the particles fly through two cylinder condensers. .These measure the charge
‘of the individual particles and their course between two fixed locaticns (the
entry plane of the condensers). Before the opening of the cylinder condensers

grids are set up and guard against influence from charges outside of the inter-.

ior of the cylinder. In this way the entry and exit points of time of the
particles, and thus a velocity measurement, is exactly defined. In accord
with the equations

.. > g = Particle Charge
- q Ug = (1/2) m v and v = L/tL Ug = Acceleration Vcltage

Time Interval for
Distance L

‘~r
~
]

zthe mass m and the velocity v of a single particle are deterrined. The

detection limit for g under normal operating conditions of the cylinder detec- .
15 Coulombs. In experiments with particles with a velocity |

tors lay at 5 x 10~
exceeding 10 km/sec a greater charge sensitivity was necessary.

It was reached in the initial stagé of the charge-sensitive preamplifier
by decreasing static through transistor cooling. The smallest demonstrated

- 1The positve charge proves to be advantageous, because with a negative charge
piectrons are emitted as a result of the field admission, even with rather low :
- surface field strengths (i.e. surface charge) of the iron particles.
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-eharge lay between 4 x 10-16 Coulombs.

In many experiments the requlremeht was often present to permit only
deflnlte projectile parameters. Thus, the approximate conditions

. : L vVt LY
q, < @ <9, a0 5V e

‘had to be fulfilled. Then the desired particles had to be separated from the
'still non-uniform particles provided by the accelerator. This is done by an
‘electronic treatment of the detector signals. Particles of which the para-

‘meters do not fall within a two dimensional (q, v) interval selected by the

experimenter can be guided out of the experimental beam by using this so-called:
dust filter after passing the analyzing detectors through a short sweep voltage‘
which can be switched on [12]. A supplementary measurement of the charge and
a further flight time control, however, are still required. In the first placei
the (q, v) interval cannot be made arbltrarlly narrow for statistical reasons,

because the waiting time for a suitable particle increases with an increase '
in the abruptness of the interval. In the second place the particle filter is
overcharged under certain situations: thus, e.g. particles which follow each

‘other within a time period t < t,» cannot be separated. Here ts is the length

of the high voltage pulse on the plates of the electrostatic sweep system.

Figure la gives a survey of the connection between the mass of a particle
and the velocity which this particle reaches after passing through a prescribed-
acceleration voltage. From the relationships

UB = Acceleration Voltage
q UB = (1/2) m v q = Particle Charged ;
m = Particle Mass ;
Qa = 40 r2 & E v = Particle Velocity
r = Particle Radius
m = (497 /3) I‘3g E = Surface Field Strength on

the Particle
o = Density of the Projectile |
Material

it follows that:
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Figure la. The Mass Velocnty Diagram of the Electrostatncally
Accelerated Fe Particles. »

Curves I, II, III, and IV are computed accord1ng to Equation 1 and agree
‘with the emp1r1ca1 data of the particle accelerator. In computing the curves
£or the surface field strength E, the value 2.5 x 107 V/m was introduced as a
'statistical mean value, which is reasonable accordlng to [10]. E is subjected
to a certain random variation. This results in the fact that an available
partlcle with a mass distribution of f1n1te width occurs, even when U is con-

'stant with a firmly chosen velocity. Sth distributions are represented in
¥1gure 1b. :

222. Methods of Measurement

fm' In this work each individual measu#ement is characterized by a triple
value (m, v, Q). The determination of the mass and of the velocity v took
Place, as mentioned above, from the measurement of the charge and travel time
of the particle. The charge Q 11berated by the impact was identified at an
€lectrically prestressed collecting eledtrode (usually a plane grid in front

. “f the target surface) with the help of a charge-sensitive preamplifier and

determined quantitatively. In order toiobtain reasonable triple values, it
bame down to the point of storing information obtained before impact about the
air of parameters (m, v) until the measurement of the pertinent. Q value had
E;en made. This was essentially achieved through two different methods.
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Figure 1b. Mass Distributions
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The first consisted of observing the signals for partlcle charglng, liber-
*ated charge and travel time of the particle to 3 multi-beam oscillograph, where:
,the various beams started out at the same time as entry into the control detec-&
ppr. These observations were obtained by photograph. The principle of this |
mpocedure is represented in Figure 2 (page 7 ). !
In the second method a two d1men51ona1 multi-channel anaiyzer was used
15ee block diagram in Figure 3, page 8 ] By choosing a constant velocity
linterval as narrow as p0551b1e, a two dimensional spectrum could be produced
M;th the help of the particle filter. In this spectrum the charge of the

baltlcle (which is proportional to the mass of the particle for UB and V =

} const.) and the charge produced by the impact are stored up. The supplemen-
‘fary coincidences and flight time contrdls visible on the block aiegram were
flecessary to eliminate errors in the spéctrum. Such errors would be possible
by altering the ve10c1ty of the particle between separation and impact through
ands to the grid wires or through the fact that the partlcle filter does not
eparate particles following each other . .rapidly (see 2.1.). It is visible
;iom the block diagram that cases with guch erroneous velocity information are |
hot considered in the spectrum. It shoﬁld still be mentioned that when a
multi-channel analyzer is used, the information on the shape of the pulse, i.e.
e temporal process of charge production and subsequent diffusion and charge
E?paration by means of the electrical field applied from outside vanishes.
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3. Measurements and Results

"3.1. Preliminary Investigaticr.: Influence of Particle Charge on Amount of /8
T Charge Freed by Impact :
- As already mentioned, the Fe projectiles carry a positve charge.  Tec be
"sure in the manner described above this, was used to accelerate and record the
particle but in the present experiment it is no longer desirable for the parti-
‘cle to impact against the target. This is because we wish to express the
‘effect of plasma formation in flight exper1nents in a statement about mass and
‘velocity independent of whether the particle is charged or not. This is pos-
‘sible in a simple way if the amount of charge liberated proves to be indepen~
dent of the charge conditions of the particle. This condition was tested in
various experiments where the independeace of the particle emission from the
projectile particle was confirmed within the limits of error. |

Figure 4a shows the results of an experiment in which the mass dependence
of the charge emission was compared at constant velocity for different acceler-
ation voltages. Particles which corresponded in mechanical parameters then
carried different charges.

% . o

Q~ (10°1°Cb)
200 3~ %
(1) uy = 1.8MV
(3) Uy = 0.8vv
(4) Ug = 1.6MV so ;
(5) Mean Charge :
Emission :
2}

10 : 4 :

w0-2 1074 5x07

Figure b4a. Comparison of the Mass Dependence of the Charge Emission
Under Variable Acceleration Voltage and Fixed Velocity (v = (2.04 ¢ 0. 05)
km/sec) .

In the following experimeunts, which shall be treated at greater length in /9
section 3.5., another possibii y was found to test the independence of the
charge emission from the charge conditior ~“ the projectile. In this case the

9



‘primary charge on the particle was stripped from it before impact on the tar-
"get by going though a thin metallized plastic foil. The particle parameters
'm and v were not significantly altered at this time. Figure 4h compares the
"ion emissions measured on the impact of charged and uncharged particles.

Q*{10715¢p)

10C0

500

200
m(g)
—
i 1 I
o 2x10 5 101!

Figure 4b. lon Emissions at the Impact of Charged and Uncharged Pro-
jectiles at a Constant Velocity (v = (5.25 # 0.21) km/sec).

Plotted Line: Mean Value of the Charge Emission Upon the Incidence
of Charged Particles;

Individual Measuring Points: Charge Emission for Uncharged Particles.

This diagram shows that the amount of charge liberated by impact in each
case coincided well on the average. Only the distributions around the mean
value can be seen as somewhat broader for particles which have passed through
the foil. This is to be attributed to the fact that the mechanical parameters

of the particles can still be upset to an insignificant degree in passing
through the foil.

3.2. Influence of Charge-Separating Field on the Measurement of the Liberated /10
Charge

Since at the time of particle impact about the same amounts of positive
and negative charge carriers are liberated, they must first be separated by
an electrical field. Only after this can an exact determination of the amount

10



.of charge for either or both polarities be taken. It is enlightening to find
.that the shape and power of this field are both responsible for the height and
shape of the signal, which is caused by a kind of charge on an electrically
prestressed collecting electrode. In recording experiments for cosmic parti-
- .cles, this signal is the carrier of information on the physical parameters of
-the impacted particle. The charge-separating field is to be chosen in such a
way that a connection as abrupt and unambiguous as possible is guaranteed
between the particle parameters (m, v) and the resulting information signal.
In addition the detector should have as great a sensitivity as possible. In
order to create such optimum conditions for particle recording, the behavior
of the following magnitudes must¢ be considered:

a) Signal-noise relationship of the strike signal under constant entry
parameters. This magnitude is a suitable measurement for the absolute
height of the strike signal, because the static is essentially pre-
supposed by the charge-sensitive preamplifier.

b) 4Q/Q under constant entry parameters. In this case AQ should repre-
sent the mean breadth of the statistical fluctuations around the mean
value Q of the striked signal under many cases of the same sort.
Similar dispersions occurred in all experiments and because of their
magnitude could not be attributed to the static of the preamplifier.

In a series of tests different experimental conditions were assumed in
the area of the impact spot. The intention here was to find those conditions
under which the information provided by the detector signal most easily reflec-
ted the actual entry parameter of the particle. The behavior of the above
mentioned magnitudes provides a criterion for this. The related conditions can/il
be divided into two groups. In one case only the amount of charge was deter-
mined for one polarity; in the other case an attempt was made to measure the
amount of both kinds of charge occurring for one individual case. A choice
of the pertinent test arrangements is represented in Figure 5.

The charge emissions, normalized for the incident mass, (depending on
velocity v) and the relative distributions of this magnitude for the Jdifferent
arrangements were compared. In those cases in which both kinds of chir,ge were
supposed to be obtained, the following shortcomings were found: in arrange-
ment b.2. the charge separation of the plasma could only be obtained incom-
pletely. In arrangement b.1l. the larger amount of charge was always collectad
on the cylindrical electrode and on the opposing prestressed grid. Moreover
the field in this arrangement proved to be unfavorablc because a point occurs
inside the cylinder with a vanishing field strength {degemerate point) which
can lie in the vicinity of the impact point depending on the choice of the
potentials of the collecting cylinder and the collecting grid.

Figure 6 shows cases for plane arrangements as represented in Figure 5a. /12
Along with “he distance s between the target and collecting grid, the strength
of the charge-separating field was also varied by the choice of the potential
difference U between the target and the grid.

According to Figure 6 a detector geometry with a suitably large s appears
as the most suitable for determining the amount of charge. The reason for this

11
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Figure 5. Arrangements for Measuring the Charge Emission on Particle
impact.

lies in the fact that the plasma can then expand in space for a longer period
of time and thus be better separated from the field on the basis of the smaller
density of charge carriers. This also explains why charge separation is
obtained with smaller field strengths in greater distances s.

In section 3 6 it is shown that the amount of charge liberated upon impact
depends upon *the angle of incidence of the particle. Therefore it is to be
assamed that tn~ distributions of the charge emission originate to a certain
degice {rom the unevenness of the target. Surface irregularities of the order
of magnitude of the projectile dimensions are sufficient for this. Deviations
of this type cannot even be removed by optimum detector geometry.

3.3. Dependence of Charge Emission on Mass and Velocity of Projectiles

The charge liberated by the impact of Fe particles. was measured between
velocities from about 0.9 km/sec up to almost 40 km/sec and with masses between

12
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Figure 6. Q°/m as a Function of the Velocity Under Various Test Condi-
tions (Plane Detector System).

5 x 10°10 g and 10-15 g. For the reasons mentioned in 2.1. this entire range
could not be covered by experiments to an identical degree. Thus it was par-
ticularly not possible to cover sufficiently broad ranges of mass with velo-
cities over 8 km/sec in order to provide a statistical statement on the rela-
tionship between the charge liberated and the mass of the particles. Figure 7
shows cases of c:veral experiments in which this statistical coverage was stil
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possible. The amount of charge liberated by impact was measured on a collect-

ing grid with a distance from the target amounting to 10 mm with a potential
difference of 40 V in respect to the target.

This arrangement was always used

below. A tungsten target was used as a collecting electrode.

v = (5,14+ 0,08) kn/sec

v = (7,3+ 0,2 ) km/sec
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Figure 7. The Mass Dependency oi the Charge Emission Under Fixed
Velocities and Its Statisticai Coverage From Individual Measuring

Points.

In Figure 9 the charge emissions measured on impact are represeated as a
function of the mass under different, occasionally fixed projectile velocities.
The diagram is completed by individual measuring points between 9 km/sec and
38 km/sec, which are available so far only from one photographed pace.
first explain the origin of these unusual measuring points by a few comments

before we get to the matter of general conclusions which can be drawn from

Figure 9.

The kinetic energy of a particie under a fixed acceleration voltage is
proportional to its charge q and thus to the square of its radius r.
the mass m is proportional to the third power of the radius, a proportionality

14
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-exists between the square of the velocity and the reciprocal of the particle
‘radius. Thus rapid particles are small and therefore carry only a slight /15
charge. If the projectile velocity comes into the order of magnitude of 12 to :
~ 35 km/sz2c, the charge on the particle can only be measured well if the static

" of the preamplifier on the cylinder detectors can be eliminated. For this

purpose the transistor necessary for the first amplification stage was:cooled

to the temperature of liquid nitrogen. In spite of this such a charge measure-
ment remained relatively inexact because the particle charge often shifted only

& little above the static limit. The block diagram in Figure 8 shows in what

way the time information on the particle flight through both analyzing detectors
can be attributed to the particle filter. :

BLOCK DIAGRAM

Préamplifier Preamplifier

éF°°|¢d) I (C°°'eQJ_ Oscilloscope
Fere] T e
p |- Rain A —{ Ui Parti
Amp. Amp. — _J aiEicle
Clip Main | |" Time || vz
Amp. - Amp. - B UNMBRATOR LII u(rnlset:J

&

v

Shift Pulse
For the High Voltage
to the Deflection
Plate Beam Tube

Figure 8. Processing of Detector Signal of High Speed Particle With
Low Charge.

7 The oscillograph shown in Figure 8 had the following purpose. The sig-
nals which guided the saw to voltages for the time sweep of beams of A and B
were referred to the particle filter as time markers. Since the detector
signals show a characteristic form at the input A and B through the prearrang-
ed clip amplifier, even very small signals could be distinguished from static
through fine regulation of the trigger thresholds. Thus only signals above
the thresholds introduced could control the particle filter. This prevented
random coi.cidences from static from putting the filter out of order. This
measure was required because of the necessarily very high amplification of the
detector signals. In normal operation it was not necessary. After separation :
‘another cylinder detector had to be flown through with a preamplifier which
was also cooled. This is the one which measured the charge of the particle,
Its velocity was provided by the travel time from entry into this detector

15



‘until impact against the target. /16
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Figure 9. The Amount of Charge Liberated Upon Impact as a Function
of the Mass Which has Entered.
a) Electrons
(See page 17)
b) lons

Explanations for Figure 9: the error in mass measurcment is given by
OAn/ m=2av/v + Aqa/q + AUB/UB.

aU,/U, can be assumed as 0.01 and Aq/q is determined by the accuracy of reading
‘on the oscillograph (about 5%). In most cases v was determined exactly within /17
‘two to three percent, which altogether causes a relative error Am/m of 10 to
12% for each individual mass measurement. Determination of the charge liber-

~ated is also affected by the accuracy of reading on the oscillograph with an

error AQ/Q = 5%. As this charge approaches the static limit, the relative :
‘error inc :ases. Groups of pairs of values (m £ Am, Q £ AQ) with v = constant .
‘are summarized by curves in Figure 9. Here the solid lines are the results of
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-more than 70 individual measurements, and the broken lines from less than 30.

The rises of the straight lines in Figure 9 provide a mass exponent a,

for which the relationship Q ~ m® (at fixed velocity) is valid. In Table 1
the mass exponents valid for different velocities are provided.
Table 1. Mass Exponent o of the Amount of Charge Liberated at Di#ferent
Particle Velocities.
v ( km/sec. ) A( Z1 ) A I)
0,9 140 140
Te2 160 1,0
200_ 0,9 s 0.12 -
4,03 0,9 + C,12 0,81 + 0,15
5¢ 14 0,86 + 0,15 0,9 + 0,15
Te3 0,85 + 0,17 0,88 + 042

sible range of mass for higher velocities is broadened.

At higher velocities a light decrease in the mass exponents o is found.
This phenomenon, however, can only be explained more thoroughly if the acces-

increase in v this becomes more and more difficult.

proportional to the particle mass.

Table 1

However, for an

shows that the charge emission in the lower velocity range is
Therefore a representation in which the

‘amount of charge liberated for the mass which has entered is referred to the

velocity of the projectile, is reasonable.

From such a diagram a velocity

‘exponent B can be ascertained which is defined by the relationship Q ~ vB (at
Figure 10a shows representations of this type for electron

constant mass).
and ion emissions.

an

can be directly computed from Q/m.

Through the quotients

N (I)
N (P)

Number of Ionized Atoms

Number of Atoms of the Incident Projectile

ionization activity cross section for the particle impact 1s given, which

In Figure 10a a computation is made for

this fact though an additional measurement for N(I)/N(P). This relationship
1s vanishingly smail for low projectile velocities and only reaches the order

of magnitude of 1% at v = 20 km/sec.

km/sec values between 5% and 20% already occur.

.closer to 0.9 than to 1.
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Accoraing to Table 1 the mass exp@nent at velocities over 2 km/sec amount:
In order to obtain a reasonable velocity exponent B8

In the velocity range 30 km/sec < v < 40

3
H
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Figure IGa. Dependence of the Quotients Q/m on Velocity.
in this range ai.o, the relationship between v and Q/m%-2 will be considered.

After studying Figures 9 and 10, an all-embracing statement on the depen- /20
dence of charge emission cn the parameters m and v of the projectile is pos- -__'
sible. For this three different areas of validity are chosen for best results:

‘ a) v < 2 km/sec
b) 2 km/sec < v < 9 km/sec
c) v > 9 km/sec
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a) Both Q" and Q™ can be concidered at constant velocity v as magnitudes
However, no more exact velocity exponent 8,
This is because, as ccn be

B is itsetf rather a func-

proportional to particle mass m.
generally valid for this range, can be provided.
seen from Figure 10a, log (Q/m) is not constant.

log v

tion of v with the properties

-

20

@ ( v=2km/éec )

=3

{3 ( v=0,9kn/scec ) = 7 - 8
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The curves Q/m = = g(v) thus descend more and more abruptly

Qnormahzed
in the logarithmic representation of Figure 10a, when v approaches from above
_the position v = 0.8 km/sec. This means that in the vicinity of this position
ther exists a limiting velocity. Below this limiting velocity the effect of
the formation of free charge carriers when microparticles strike is vanishingly
small. The fact chat in the vicinity of the position v = 0.8 km/sec for the
function log (Qnormalized) a perpendicular tangent can be presumed to serve as

a basis. This statement is corroborated by the fact that in the area 0.87
km/sec < v < 0.92 km/s, the charge emission has already sunk for about 30% of
all cases considered below the static limit of the preamplifier.

b) In the area 2 km/sec < v < 9 km/sec, a complete analytic relationship
between the charge emission and the entry parameters can be provided, and it
will de.cribe the measuring results available within the limits of error. For
both charge polarities it reads: ’

(I) Q" = const, % vPe  ith const, = 0,54 + 0,03
- dyg =09 20,15
ﬁ 1 248 043

]

1+

1+

(11) Qt = const, mdLl vﬁ1 w:th const2 0,49
dy, =069
B2 = 2a7

0,07
0,415

I+ I+ 1+

In these emp1r1ca1 equatlons, m is to be ;ntroduced into many cases of

10712 g and v in km/sec, in order to obtain Q” or Q' in the unit 10715 Coulombs.

The determination of ass B and const . occurred in the following way:
a from Table 1.

B by approximating the measuring points in Figure 10b through a stralghtE

Iine, the ascent of which provided B8 (as a result of the doubled logarithmic
scale).
conct by introducing triple values (m, v, Q ).

c) In this velocity range the explicit asse:tion of a functional relation-

ship between the charge emission and the mechanical parameters of vhe projec-
tile are waived for the following reasons:

1) the mass determiration for projectiles with v > 10 km/sec was made
more difficult because the charge of these particles, as mentioned above,
sometimes lay only slightly above the static limit of the analyzing detectors.
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‘This is a reason for the considerably greater distribution of measurement
results in this range.

2) At these velocities no systematic investigation of the dependence
of the amount of charge liberated on the mass could be carried out, because
the masses occurring for constant velocity were not sufficiently dispersed and
because such fast particles are naturally quite rare. )

However, it is clearly recognized in Figure 10 that the behavior above
10 km/sec in a reasonable way confirms the measurements which were obtained at
lower velocities. It was found that at high projectile velocities the good
sensitivity to mass expected is found. One example: at v + 30 km/sec or more,
a particle of 10715 g releases a charge of not less than 10-!3 Coulombs. This
allows us to expect that with similar projectile velocities and with a charge
indication limit of 10-!® Coulombs, particles of the order of magnitude of
10718 g can still provide a useful detector signal. (Mass proportionality is
assumed as a first epproximation for this extrapolation.)

3.4. Influence of Target Properties on Charge Emission /22

According to [9], tungsten is a suitable material for serving as a target
in a plasma detector to record cosmic particles. The probability existed that
the charge productivity of a target was related to its degree of impurity in
alkalis and earth alkalis. This reflection goes back to the following model
representation: wupon particle impact a momentaneous condition of high energy
density is produced at the point of impact and this condition brings a certain
part of the target or particle material into a state of vaporization. A rela-
‘tively high alkali content in this resultant cloud of vapor increases the num-
ber of the charge carriers liberated in it, because the icnization work of the
alkalis is small in proportion to that of other components of the vzjor which
are present.

Therefore tungsten targets, which were produced or pretreated in different
ways (e.g. by different kinds of annealing), were shot with identical particles
and their charge productivity was compared. The potassium and calc.um content
of these targets was ascertained with the help of an x-ray fluorescent analysis.
‘According to this all of the targets used had about the same degree of impur-
‘ity; the potassium or calcium content amounted from 0.5 to 1 per thousand. The
assumption is possible that in annealing only the impurity components directly
adsorbed on the surface could be dislodged,. while an x-ray fluorescent anal-
ysis of the impurity contents was performed in a deeper layer.

Table 2 shows the charge emission for the different targets under identi-
- cal entry conditions. The result of this is that the same degree of charge
productivity cannot be assigned to every tungsten target. For a specific tar-
get surface used in a flight experiment, therefore, the determination of its
characteristic properties by standard experiments is necessary.

3.5. Measurement of Charge Liberated at Target Impact After a Previous Passage /23
of the Particle Through Special Plastic Foils

22



Table 2. The Charge Productivity of Different Tungsten Targets Under
Fixed Entry Conditions.

V=25, % 0,08 km/sec ; m= (24 G,2 ) % 10 o
.. P
Kind of Target Charge Emission { 107'7Cy )
+ .-
| A ?
Untreated Tg., 100 p Thick 716 + 56 776 = 56
Highly Polished Tg., | mm Thick 548 + 48 69% = 4G
W-Schicht, 14 p Thick (Deposited
by Cathode Sputtering)
604 + 96 6G4 + 108
Tg. Annealed in Atmosphere 592 & 94 198 + 92
Tg. Annealed in 2 High Vacuum 562 + 36 766 + 51

Experiments to determine the flow of cosmic particles incident to the
earth usually take place in the ionosphere. In recording individual particles
with a plasma detector one is advised to shield target surfaces and grids
against the external plasma. Such shielding can be achieved by a metallized
plastic foil. If the volume of the detector shut out by the foil can still be
further from off, it would be possible at lower levels to take measurements in
which the external pressure hinders a satisfactory rapid expansion and collec-
tion of the charge liberated. A foil used as a shield should still be penetra-
ble for particles with velocities of 1 km/sec, because the relative velocity
between particles and detector in flight experiments can lie in this order of
magnitude. The parameters m and v of the incident particles should be preju-
diced as little as possible by these foils.

Various foils were tested with iron projectiles for their usefuiness as
shielding. For this the velocity of the projectiles was determined before and /24
after passage through the foil and the charge still libcrated after particle -
impact was measured. Figure 11 provides information on the measuring methods
used for this.

The peculiar signal shape presented in Figure 11lb comes into being at the
exit of the preamplifier 1 (see Figure 1la) as follows. At time t the posi-

tively charged particle comes through the gri® Gl and there influences a maxi-
mum charge of the opposite sign. The influencial activity on Gl continues to
decline until time t, because the field ‘of the particle charge is shielded more
and more from the grounded grid G2. After passing G2, the influential activity
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Figure 11. Experiment to Investigate the Charge Emission After a
Particle is Previously Passed Through a Foil.
increases or G3 until time t,. The shape of the signal for time t > t, now /25

indicates whether the original charge of the particle, and how much ofsit,
still remains or has been removed by the foil which is spread over G3.
at time point ts, impact is made on the target.

(;3 - tl) and (ts -

Finally,
Both of these periods of time

t3) make it possible to ascertain the velocity of the par

ticle before and after going through the foil when the geometrical dimensions
of the arrangement are known.

According to the method described above, several foils were investigated
with reference to their activity on the mechinical parameters m and v and thus
on the charge emission upon impact. The foils used were:

a) a 2u thick hostaphane foil;

b) a 500 R thick nitrocellulous foil;

c) a nitrocellulous foil, 0.2 to 0.4 u thick, with Al deposited as a

vapor. This foil on a support grid always resists a pressure differ-
ence of over 100 Torr. on both sides of the foil.
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‘ Foils b) and c¢) were produced by dropping a nitrocellulous solution of
known concentration onto a pure water surface where it is spread out in a

thin layer and dried. The thickness of such foils could be estimated from the
weight of one drop, the extended surface, the concentration of the solution
and the density of the nitrocellulous.

In Figure 12 the charge emissions normalized for mass unit, which were
'still liberated upon impact after the particles had gone through the different
foils, are plotted for velocities v, and v, before and after going through the

foils. 1 2
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Figure 12. Q/m as a Function of Velocities vy and v,
Velocity of the Projectile Before Going Through the Foil
Velocity of the Projectile After Going Through the Foil

1

V2

o is the 2u Thick Hostaphane Foil

V is the Nitrocellulous Foil, 0.2 to 0.4 u Thick, With Al
Deposited ag a Vapor

x is the 500 A Thick Nitrocellulous Foil

* is Bombardment Without Foils

According to the experiments carried out, the following judgments can

be given on the properties of the individual foils examined:
a) After going through the 2y thick hostaphane foil, a considerable
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deviation for v = 2 km/sec could be determined between the charge emission

actually relecased and that to be expected in bombardment without foils. This
deviation is explained by the braking of the particles in going through the
foil and therefore disappears for the most part if the charge emission normal-

ized for an incident mass is referred to vz. Particles with Vl = 4.174.8

“km/sec could not be picked up any more beyond this foil. Because of the choice /27
which the accelerator makes, these particles are naturally smaller than those
with v, = 2 km/sec. Validities for this experiment were: particle diameter

D: 0.6 u <D< 1.1p at v, = 2 km/sec; 0.2u < D < 0.3u at v, s 4 km/sec. There-
A

fore such small particles do not penetrate this foil any further. At veloci-

ties v, = 1.0-1.2 km/sec the impact of the particles could not be observed

on the target any more if the foil covered it. This means that these particles,
even if they have penetrated the foil because of their magnitude, were still
braked to a velocity which lay below the limiting velocity mentioned in 3.3.

After evaluation of this condition, it can be said that this foil is not
suitable for use in a plasma detector.

b) The 500 R thick nitrocellulous foil does not have any effect on the
mec..anical parameters of the particle in the range investigated (v1 = 1.0-

-4.8 km/sec). The same is true of the amount of charge liberated by impact
on the target in contrast to those with bombardment without foils. The slight
mechanical resistance of this foil, however, also makes it useless as a shield.

c) Passage through the metallized nitrocellulous foil 0.2 through 0.4y
thick establishes the fact that the particle really does lose its charge, but
that the amount of charge liberated at target impact is not essentially dimin-
ished in contrast to bombardment without foils. A slight reduction in charge

emission could be noticed only at v, = 4.1-4.8 km/sec. The particle diameter

D in these cases amounted to 0.2 to 0.4u. Foil c¢) is a compromise between the
two extreme cases a) and b).” With only a slight braking effect, it offers the
advantage of a definite mechanical capacitance. Under the given conditions
foils with similar properties seem to be the best suited for keeping an exter-
nal plasma in residue from the target surface and grid of a plasma detector.

These determinations were made with Fe particles. For projectile mater-
ial of a lesser density it is to be presumed that the foils investigated here
would cause more braking. This would have the result that a plasma detector
equipped with shielding foils would be the more sensitive in the flight exper-
iment, the lower the density of the particles to be expected is.

3.6. Dependence of Charge Emission on Angle of Incidence of Particle /28
For the recording experiments the plan is to use the information on the
amount of charge liberated by a particle impact to express the mechanical para-

meters of the particle which has caused such an event. Thus the particle mass
could be approximately ascertained for the known detector calibration

26



Q = const m*vB by evaluaving the relative velocity between detector and parti-
cle. However, the velocity and liberated charge under such a condition are
still not able to settle the incident mass unambiguously. For, a dependence
of this charge on the angle of incidence O of the projectile is shown{ The
connection between the charge carrier emission and this angle was investigated

for several targets. It was first detected on a molybdenum target wh:ch has
a very obvious angular behavior.

ve(5.054008) km/sec

- 1a-15
Q™ (T cs) m-(&|5:0.2)310ﬂ2g

250 gy
’//TARGET
7/PsE
200
A maximum charge ¢ {
emission, increased
by a factor of 4 150 b
‘over the perpendi-
cular incidence,
is found at about
l‘soo ‘00 - }
¢
S0 p
e
—
3 3 ) { L 'y

0* 15° 30°  «&°  60° 69°

Figure 13a. The Angle Dependence of the Charge Emission for a Molybdenum
Target.

In Figure 13b the charge liberated upon impact with projestile velocities /29
of 4, 5, and 6 km/sec is compared as. a function of particle mass for both cases ™
® = 0° and © = 45°. Molybdenum was used as a target material.

It turns out that at fixed velocity the ratio Q(0)/Q(0°) is independent
of mass and is only a function f (0) of the angle of incidence. Likewise

M1th a fixed mass fz(e) = Q(O)/Q(O ), it is independent of velocity
in the range under investigation and £,(0) = £,(0) is valid. A
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plasma detector which shows such an angular behavior can be characterized by

a calibration equation of the following simple form:

{3

o

const f(®) m

Q
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Therefore Q can be represented as the product of three functions in which only

one entry magnitude occurs.

The behavior of two different tungsten targets is represented in Figures i

14a ?nd 14b. A smaller value for the quotients Qmaximal/Qperpendicular
up as an essential difference from molybdenum.
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Figure 13b. + v - (6 £ 0.1) km/sec
ov = (5.05% 0.08) km/sec
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Here let us try to give a simple meaning to the oblique incidence
particles in harmony with the proper behavior of the function f(0).
this purpose we first wish to proceed from the following assumptions:

1) The kinetic energy of the particle is transferred at the place
impact and is, for the most part, at the momenc of impact concentrated
narrow spatial area of the order of magnitude of the particle volume.
assumption is founded on the fact that energy transportation away from
place of impact cannot be carried out in a sufficiently short time, particu-
larly if the particle insides with ultrasonic velocity relative to the target

material.

turns

of
For

/30

of

on a
This
the

As a result of this high energy density, the neighborhood of the

impact point is heated and can lead to the melting and evaporation of proijec-

tile or target material.
as "excited volume."
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Figure 14. Dependence of the Amount of Charge Liberated on the Angle
of Incidence 0 of the Particle When the Other Mechanical Entry
Parameters are Held Constant.

v = (5.25 *+ 0.21) km/sec
m- (13.6 + 1.1) x 10-12g
a) Highly Polished Tungsten Target.
b) Tungsten Layer, 14y Thick (by Cathode Sputtering on Al).

2) The number of charge carriers liberated on the occasion of particle /31
‘impact will depend on the "free surface" of the excited volume. Let the free
surface be that part of the area of contact of the excited volume on which
this volume is not limited by solid material.

3) The free surface of the excited volume is increased when the particle
fall obliquely. This assumption seems enlightening if the velocity vector of
the particle is split into tangential and normal components with respect to
the target surface. While the normal component determines the penetration
depth and thus the depth of the excited volume, the tangential component
expands the excited volume on the target surface. In this way there is an
increase of the surface on which free charge carriers and material to be vapor-
i1zed can hit.

These three assumptions give an explanation of why the charge liberated
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on impact under oblique conditions should first increase with angle 0.
Other reasons also illustrate the fact that after going through a maximum the
charge sinks again with a sufficiently flat particle incidence.

4) With a flat incidence the particle can be reflected on the target sur-
face. The following reflections lead tb this conclusion. As a result of the
small normal component of the particle impulse with very flat angles of inci-
dence, only a slight penetration depth can be reached (perhaps only a fragment
of the particle diameter). Then on the basis of this almost completely super- -
ficial contact, the very great tangential impulse cannot be exchanged between
projectile and target, or be taken up by the target. This condition causes a
reflection or at least a further movement of the particle in the direction of
the tangential component of its initial impulse. Such a particle naturally
takes a considerable part of its kinetic energy away with it. The argle of
incidence thus also determines whether the shot between purticle and target
takes place in a completely inelastic manner or not.

5) With an oblique particle descent, especially in the angular range in
which the tangential component becomes larger than the normal component, it
can be figured that the incident energy is distributed to a larger and larger
volume because of the altered entry conditions. This is also noticeable ina /32
drop of the energy density on the free surface. This can again have the
result that
a) less material is vaporized from the free surface,
b) the temperature of this emitted vapor is less than that produced by the
same particle with a more perpendicular incidence,
c) the number of charge carriers occurring directly from solid material is
lessened.

It is to be assumed that the total number of liberated charge carriers,

which alone is capable of measurement, is composed of two particles of differ-
ent origin. On the one hand these are the chzrges which come directly from the
projectile or target material; they are predominantly electrons, because they
‘do not have to overcome a grid bond as do metal ions. On the other hand, the
vapor cloud emitted, which occurs partly ionized because of its high tempera-
ture, also provides an essential contribution to the total charge measured.
In this portion ions and electrons are present in equal amounts. This explains
the fact that the electron emission generally lay somewhat higher than the ion
‘emission. However, it is also clear that all three effects a), b) and c¢) draw
a lesser total liberated charge along with them.

It is to be assumed that reflections 4) and 5) can no longer be disre-
garded for certain angles. As a result of the experiment at least one of them
from about 45° should be significant.

The dependence of the charge emission liberated on the angle of incidence
of a particle leads to difficulties in carrying out a flight experiment. For
evaluating such a test it is naturally desirable to possess intormation about
the angle of incidence for each individual occurrence. Under certain supposi-
tions this is possible for a rocket experiment, particularly if the rocket
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velocity can be considered as larger than the specific velocity of the parti-

cle. In this case the angle of incidence of the particle is given by the

angle between the deflection of the flight of the rocket and the perpendicular

to the detector surface. When the particle velocity is comparable to 'or

- greater than the rocket velocity, it is no longer possible to simply ascertain /33
the angle of incidence. Then it is only limited by the detector geomatry.

This must first of all be interpreted on as high a rate of occurrence as pos-
sible, i.e. no angular range can be left out of consideration. However, for
experiments in which the determination of the angle of incidence is critical,

there might be found a target material which has a value Qmaximal/Qperpendiculqr

as close to one as possible. In this way one would always be able to keep the'
error in determining the mechanical parameters of the particles found relative-
ly small, even if the angle of incidence were unknown. A comparison of Fig-
ures 13a, 14a and 14b show that targets in this sense can have an individual
angular behavior. Naturally in a flight experiment attention must also be
.given to the fact that the surface irregularities of the target are smaller
than the dimensions of the particles expected. Even with a known direction of
incidence, different striking angles might occur in microscopic subdivisions.

4, Discussion

This work did not have the primary purpose of explaining a physical pro-
cess. The primary task consisted more in the creation of experimental findings
which would make possible a substance-oriented execution of experiments in
recording cosmic particles. Before going into the consequences resulting from
the findings for the construction of such experimental recording collected in
Chapter 3, let us first give a comprehensive phenomenological description and
partial significance of the effect exploited here.

When high energy Fe particles impact against metallic targets, charges
of both polarities are liberated in about equal parts. This allows the conclu-
sion that this cannot only refer to a result of a purely thermal charge carrier
emission from the metals. 7Tn such a case electron emission would be extremely
predominant. Thus we can proceed from the fact that a considerable portion of /34
the charge carriers liberated come from a partially ionized vapor cloud which
-is formed when a particle strikes. On the average the number of negative
carriers lies 10 to 20% higher than the number of positive carriers. Therefore
it is to be assumed that the totality of the free charge carriers come into
existence through interference of the effects of:

a) direct thermal emission from the metals;

b) partial ionization of a metallic vapor cloud liberated upon impact and

produced as a result of the high temperature.

Interpretation of the dependence of the total charge measured on the pro-
jectile parameters of mass and velocity at first appears difficult, because
there is not any proportionality to the kinetic energy of the incident particle.
For this purpose the processes of particle impact must be considered more
closely.

When a particle strikes, the orderly macroscopic movement of the particle
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atoms is transferred into an unordered movemenw, which is seen in a rise in
temperature at the place of impact. The height of temperature peak reached
depends on the velocity v of the incident particle. According to Rudalph (5]
an increase in stiking velocity causes an expansion of the crater volume L.o-
portional to vZ, Consequently the temperature at the point of time in which
the incident energy is distributed over the crater volume is equal to all
impact velocities. It should be .dentical with the solidification temperature
of the target material. This is not in opposition to the assumption made above
that at the beginning or during the course of the penetration process a higher
peak temperature dependent on v is reached for a short time, because this does .
not prevail over the total crater volume. On thc basis of this simplified
approximation, the following picture can be given for the temporal course of
impact and energy expansiou:

The temperature in a nariowly limited vacinity of the impact place
increases during penetration to a temperature peak lependent on v. Subse-
quently the temperature again drops because of enc.gy expansion. On reaching
vaporization temperature, the energy has expanded to a portion of space ihich /35
will be designated with the name ''volatile volume'. Finully, upon reaching the
melting point the energy fills the crater volume. Like the volatile volume,
it is only dependent upon the energy of the incident particle. The fact that
not only the expansion of energy in space, but also the vaporiacion, melting
and deformation work help the temperature to sink, does not fundamentally alter
anything about the existence of the above mentioned volumes.

The amount of liberated charges is dependent on the one hand upon the mag-
nitude of the volatile volume. However, it is also correlated with the tcmper-
ature peak reached upun impact. Vaporization is possible from the moment the
vaporization point is exceeded until the temperature again goes below thot
point. The percentage portion of ionized atom. in this metallic vapor is de-
pendent upon the temperature of this vapor. . ¢ the magnitude of the vola-
tile volume is proportional to energy (1/2)mvZ and the temperature peak
increases at the point of impact with increasing particle velority, a velocity
exponent, greater than 2, can be given. As a result of the experiments carried
out, this situation is beyond doubt.

An explanatory remark is still necessary for the concept of ''volatile
velume'. Since a target material is chcsen with a very high boiling or vapor-
ization point, it is preferabie to deal with the vapriization of the project
material. Thus it is reasonable to include with the volatile volume that por-
tion of space in which the temperature is still capable of vaporizing the pro-
jectile found there.

The dependence of the charge emission on the angle of incidence of the
projectile can be explained %y assumptions simjilar to those used above. More
complete discussion is given in 3.6.

The experimental findings obtained in Chapter 3 suggest the completion of

the foll~wing requirements for the arrangement, calioration and execution of a
flight experiment:
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a) For optimum determination of the amount of charge liberated us complete
a possible charge separation of the resultant plasma is required; this is pro-
vided in a satisfactory degree with the expansion of the plasma into a rela-
“tively large volume because of the smaller charge density.

b) A detector calibration of the form: Q = const f(0) m(vrel) is pos- /36

_sible. However, the individual properties of every target surface to be
struck must ve determined directly. (e.g. the charge productivity of a tung-
sten target also depends on its previous history). The same is to be done for
any screening foil used.

c) If poussible, the determination or evaluation of the angle of incidence :
of a particle to be demonstrated in any single occurrence should not be
neglocted.

In judging the measurements from a flight experiment, other points of view
should also be considered in the evaluation standard. These are:

d) In this work only laboratory experiments with the relatively heavy
projectile material iron were carried out, while in flight experiments parti-
cles of a lesser density are to be dealt with. According to the measurements of
Friichtenicht [7], the charge emission at fixed velocity is proportional to the
number of atoms of the incident particle. In using only one projectile mater-
ial, this is identical to a mass proportionality. The atoms in the Fe metal
grid are relatively denselv packed in comparison to other materials (non-metals
such as C or Si compounds). For such non-metal pa.ticles, a lower charge emis-
sion per particle magnitude should therefore be expected.

e) The effect of any possible residue which can be connected with atmo-
. spheric pressure in front of the detector should not be considered in the rela-
tive detector-particle movement. This is definitely justified for satellite
-experiments, but has not yet been quantitatively investigated for rocket
-flights.

Finally let us mention one more reflection which makes sure that a supple-
-mentary sp.ctrometric separation of the ions liberated on impact is reasonable.
The fear that a mass spectrum obtained in this way does not reflect the chemi-
eal composition of the incident particle, but only its content in easily ion-
ized elements (e.g. alkalis), can easily be done away with under certain sup-
positions. This comes from the fact that at high striking velocities a not
-inconsiderable ionization effect cross section occurs (see 3.3., Figure 10a). /37
Thus if a particle with a sufficiently high velocity strikes the target, it °___
must be assumed that essential components in the composition of the particle
‘'will also make an essentia! contribution to the plasma cloud which evolves.

The ions of the target material--the ccmposition of which is known exactly--
possibly present in the plasma are separated automatically by the spectrometer
from the other kinds of ions. They are not considered in ascertaining the com-
position of the particie from the mass spectrum of the plasma. In addition,
because of the high vaporization point of the target material, its vaporization
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is possible only to a rather slight degree.

In experiments on satellites or probes, which leave the gravitational
. range of the earth, the following suppositions are made in contradistinction
to rocket experiments:

1) long recording times;

2) absence of residue;

3) high relative particle-detector velocity.
Thus good mass sensitivity and a high ionization effect cross section are
guaranteed which simplifies a supplementary mass spectrometric investigation
of the incident matter.

Therefore it may be said that the proper area of use of a plasma detector
is such satellite or probe experiments. ‘

5. Summary /38

The formation of free charge carriers when high energy microparticles
-impact upon a metallic collecter electrode offers suppositions for the record-
ing of cosmic dust particles. The present work is concerned with this eventu-
ality. In laboratory experiments the amounts of positive and negative charge
Q* and Q- liberated by the impact of Fe particles were investigated within the
ranges of the following parameters:

0.8 km/sec < v < 40 km/sec; v = projectile velocity

10-1°g < m < 5 x 10710g; m = projectile mass

The measurements in this work were carried out on a 2MV Van de Graaff particle
accelerator of the Institute. Here we wished to determine the dependence of
the charge emissions on

1) the projectile parameters (charge, mass, velocity and angle of inci-
dence of the particle),

2) target properties (degree of impurity in alkalis, general surface
condition),

3) external experimental conditions at and in front of the impact spot
(electrical field strength, detector gecmetry, use of a foil to be
penetrated by the particle).

"From the experiments carried out the following conditions are inferred:
la) the amount of charge liberated is independent of the charge condition
of the particle ‘
b) it is approximately proportional to the incident mass.

1 for 0,8 xn/sec < v <& 2 kn/sec

Q~m ;
0.9 for 2 km/sec < Vv<9 kr/sec

R R

o
o

¢) the quotient Q/m vanishes below a limiting velocity of 0.8 km/sec.-
In the range of 2-9 ki~/sec the following is valid:

Q ~ ,(0,9£0,15) v(2,7:0',4)
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Between 30 and 40 km/sec the number of elementary charges liberated reaches
values from 5% to 20% of the number of atoms in the incident projectile.

d) the charge enission is dependent on the angle of incidence of the
particle in a manner characteristic of the target, with a maxiumum
emission occurring at about 45°.

2) tungsten targets of various production or pretreatment have various
charge productivities up to 20%.

3a) the measurement of the charge emission is made easier if the charge /39
carrier of the plasma cloud originating in the impact can be expanded
by diffusion into a sufficiently large volume which is still complete=
ly inside the charge-separating field. By using a plane detector
system, a distance of about lcm between target and electrically stres—
sed collecting grid is measured. '

b) in the choice of a foil to screen out external influences, a compro-
mise must be reached between particle penetrability and mechanical
resistance. A nitrocellulous foil, 0.2 to 0.4u thick, was well suited
for Fe particles in this respect.

From these findings it turns out that the calibration of a plasma detector
is characterized by an equation of the following type:

o B

Q = const £(®) m (Viey? -

Attention is to be given here to the individual properties of the speciai tar-
get surfaces and any screening foil used.

This method of recording cosmic particles seems to be promising, particu-
larly in respect to satellite experiments and for interplanetary probes. The
decisive advantages of these methods are used in the best possible way only
with high relative velocities between the detector and the particles to be
demonstrated. These are the high mass sensitivity and the possibility of spec-
trometric investigation of the liberated ionms.
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